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© Electromagnetic interference suppressing body having low electromagnetic transparency and 
reflection, and electronic device having the same. 
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® An electromagnetic interference suppressing 
body is provided for suppressing electromagnetic 
interference by undesirable electromagnetic waves. 
The body comprises a con ductive supp ort element 
(1) and a nnn-conductive soft magnetic lay er (2) 
provided on atTeasT-otfTs^ace. The electromag- 
netic interference suppressing body may be used in 
an electronic equipme nt comprising a circuit, board 
and an^ctrvTelement mounted on the circuit board, 
and is interposed between the circuit board and the 



active element so as to suppress the interference by 
an induction noise generated from the act.ve ele- 
ment The electromagnetic interference suppressing 
body may also be used in a hybrid integrated circuit 
element having an active element and a passive 
element mounted on a circuit board. The hybrid 
integrated circuit element is covered with and sealed 
bFTrorTcoria^ layer and the electromagnetic 
interference suppressing body overlying an outer 
surface of the non-conductive layer. 
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Background of the Invention 

The present invention relates to an electromag- 
netic interference suppressing body for use in sup- 
pressing electromagnetic interference by any use- 
less or undesired electromagnetic wave or waves, 
and also relates to an electric circuit device using 
the electromagnetic interference suppressing body. 

In digital and/or high frequency electric circuit 
devices, small size and light weight are strongly 
desired and, therefore, electronic parts are required 
to be mounted on a printed circuit board as well as 
in an electric circuit device with a high density. 

When electronic parts and wiring conductive 
lines are mounted on a circuit board, electromag- 
netic interference is caused by electrostatic and/or 
magnetic coupling between electronic parts and/or 
wiring conductive lines. Further, if a plurality of 
circuit boards are disposed adjacent to one an- 
other, electromagnetic interference is also caused 
between the adjacent circuit boards. In particular, 
the electromagnetic interference is severe when 
active elements such as semiconductor devices are 
mounted on the circuit board or boards because 
the active elements radiate undesired electromag- 
netic wave or inductive noise. 

In the prior art, suppress of the electromagnetic 
interference was tried by means of connecting a 
low-pass filter or noise filter to each output terminal 
of the circuit board or by means of keeping a 
circuit in question at a distance. However, they 
require a space for disposing the filter or filters 
and/or a space for giving the distance. As a result, 
the device is made large in size and weight. 

For suppressing electromagnetic coupling be- 
tween adjacent circuit boards, a conductive shield- 
ing member was disposed between the circuit 
boards. However, the shielding member cannot 
prevent reflection of an undesired radiation from 
one circuit board, so that the reflection increases 
magnetic coupling between parts on the circuit 
board. 

Hybrid integrated circuit elements are known 
as electronic circuit elements of a high density and 
a small size and are usually mounted on a mother 
board or boards in the electric circuit device. In the 
condition, the hybrid integrated circuit elements 
also suffer from electromagnetic interference. 

Summary of the Invention: 

Accordingly, it is an object of the present in- 
vention to provide an electromagnetic interference 
suppressing body with a low electromagnetic trans- 
parency and with a low electromagnetic reflection 
which enables to electromagnetically shield a cir- 
cuit board from another circuit board adjacent 
thereto as well as to suppress reflection of un- 



desired radiation by the body to thereby suppress 
coupling between parts on the same circuit board 
even without use of low-pass filter or noise filter 
and even without a large distance between parts or 

5 circuit boards. 

It is another object of the present invention to 
provide an electric circuit device having an elec- 
tromagnetic interference suppressing body with a 
low electromagnetic transparency and with a low 

w electromagnetic reflection disposed in a space be- 
tween an electronic circuit part and a circuit board 
to thereby suppress coupling between the circuit 
part and a wiring line on extending on the circuit 
board. 

is Further, it is an object of the present invention 

to provide a hybrid integrated circuit element 
wrapped by an electromagnetic interference sup- 
pressing body with a low electromagnetic transpar- 
ency and with a low electromagnetic reflection 
20 which is enable to suppress electromagnetic inter- 
ference caused by any external elements and by 
any internal elements. 

According to the present invention, an elec- 
tromagnetic interference suppressing body for sup- 
25 pressing electromagnetic interference by undesired 
electromagnetic waves can be obtained which 
comprises a conductive support element and a 
non-conductive soft magnetic layer overlying at 
least one of surfaces of the conductive support 
30 element. 

Further, according to the present invention, an 
electronic equipment can be obtained which com- 
prises a circuit board having an active element 
thereon, the active element generating an inductive 
35 noise, wherein an electromagnetic interference sup- 
pressing body is interposed between the circuit 
board and the active element, the electromagnetic 
interference suppressing body comprising a con- 
ductive support element and a non-conductive soft 
40 magnetic layer overlying at least one of surfaces of 
the conductive support element. 

Furthermore, according to the present inven- 
tion, a hybrid integrated circuit element can also be 
obtained which has a circuit board, an active ele- 
45 ment and a passive element mounted on the circuit 
board, and which is characterized in that the active 
element, the passive element, and the circuit board 
are covered together with and sealed by an insulat- 
ing layer, a non-conductive soft magnetic layer 
so comprising soft magnetic powder and organic bind- 
er, and overlying an outer surface of the insulating 
layer. 

Brief Description of the Drawings: 

55 

Fig. 1 is a sectional view partly showing an 
electromagnetic interference suppressing body 
according to a first embodiment of the present 



3 



EP 0 667 643 A1 



invention; 

Fig. 2 is a sectional view partly showing, in a 
common structure, a conductive support ele- 
ment in an electromagnetic interference sup- 
pressing body according to a second and a third 5 
embodiments of the present invention; 
Fig. 3 is a sectional view partly showing a con- 
ductive support element in an electromagnetic 
interference suppressing body according to a 
fourth embodiment of the present invention; io 
Fig. 4 is a sectional view partly showing a con- 
ductive support element in an electromagnetic 
interference suppressing body according to a 
fifth embodiment of the present invention; 
Fig. 5 is a sectional view partly showing an js 
electromagnetic interference suppressing body 
according to a sixth embodiment of the present 
invention; 

Fig. 6 is a sectional view partly showing an 
electromagnetic interference suppressing body 20 
according to a seventh embodiment of the 
present invention; 

Fig. 7 is a sectional view partly showing an 
electromagnetic interference suppressing body 
according to an eighth embodiment of the 25 
present invention; 

Fig. 8 is a sectional view schematically showing 
an example of application of an electromagnetic 
interference suppressing body according to the 
present invention which is interposed between 30 
circuit boards; 

Fig. 9 is a schematic view of an evaluating 
system for use in evaluation of a characteristic 
of the electromagnetic interference suppressing 
body and especially for measuring an electro- 35 
magnetic transparent level therethrough; 
Fig. 10 is a schematic view of an evaluating 
system for use in evaluation of a characteristic 
of the electromagnetic interference suppressing 
body and especially for measuring an electro- 40 
magnetic coupling level; 

Fig. 11 is a graph showing a frequency char- 
acteristic of electromagnetic transparent levels 
obtained by measuring comparison samples by 
use of the evaluating system shown in Fig. 9; 45 
Fig. 12 is a graph showing a frequency char- 
acteristic of electromagnetic coupling levels ob- 
tained by measuring comparison samples by 
use of the evaluating system shown in Fig. 10; 
Fig. 13 is a graph showing a frequency char- so 
acteristic of electromagnetic transparent levels 
obtained by measuring samples of the present 
invention by use of the evaluating system shown 
in Fig. 9; 

Fig. 14 is a graph showing a frequency char- 55 
acteristic of electromagnetic coupling levels ob- 
tainea by measuring samples of the present 
invention by use of the evaluating system shown 



in Fig. 10; 

Fig. 15 is a graph for showing transparent levels 
and coupling levels of comparison samples and 
samples of the present invention at a frequency 
of 800MHz; 

Fig. 16 is a sectional view of an electronic 
equipment using the electromagnetic interfer- 
ence suppressing body; 

Fig. 17 is a graph showing a frequency char- 
acteristic of transparent levels obtained by mea- 
suring comparison samples by use of the evalu- 
ating system shown in Fig. 9; 
Fig. 18 is a graph showing a frequency char- 
acteristic of coupling levels obtained by measur- 
ing comparison samples by use of with the 
evaluating system shown in Fig. 10; 
Fig. 19 is a graph showing a frequency char- 
acteristic of transparent levels obtained by mea- 
suring samples of the present invention by use 
of the evaluating system shown in Fig. 9; 
Fig. 20 is a graph showing a frequency char- 
acteristic of coupling levels obtained by measur- 
ing samples of the present invention by use of 
the evaluating system shown in Fig. 10; 
Fig. 21 is a sectional view of a hybrid integrated 
circuit using the electromagnetic interference 
suppressing body; 

Fig. 22 is a graph showing a frequency char- 
acteristic of transparent levels obtained by mea- 
suring a comparison sample and a sample of 
the present invention by use of the evaluating 
system shown in Fig. 9; and 
Fig. 23 is a graph showing a frequency char- 
acteristic of coupling levels obtained by measur- 
ing a comparison sample and a sample of the 
present invention by use of the evaluating sys- 
tem shown in Fig. 10. 

Description of the Preferred Embodiment: 

Referring to Fig. 1 , an electromagnetic interfer- 
ence suppressing body according to a first em- 
bodiment of the present invention is now described 
below. The electromagnetic interference suppress- 
ing body 100 shown therein comprises a conduc- 
tive support element 1 and a non-conductive soft 



live; ouuum i - — . 

magneSTEyerTi Counted on or overlylngat least 
one^uTTal^e-Tfwo layers 2 are shown on both sur- 
faces in Fig. 1). Non-conductive soft magnetic layer 
2 comprises soft magnetic powder 3 c£_particles 
each of which has a flat shape or a^needle-like 
shape, and organir"6in3er 4 in which the soft 
magnetic powdeTTTrtTniformly dispersed. 

For use as the conductive support element 1 , 
one element is selected from, for example, a qQtv_ 
du ctive plat e, a conductive mesh plate, and a tex- 
tile r ~oTconductive fiber. The conductive support 
element 1 can have the soft magnetic property. For 
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use as the conductive support element 1 with the 
soft magnetic property, one element is also se- 
lected from, for example, a soft magnetic metal 
plate, a soft magnetic metal netting plate, and a 
textile of a soft magnetic metal fiber. 

In an electromagnetic interference suppressing 
body 100 according to a second embodiment of 
the present invention shown in Fig. 2, conductive 
support-element 1 with or without the soft magnetic 
property, comprises a non-conductive or insulat.ve 
base member 5 and a conductive thin layer 6 
formed by evaporation on at least one surface of 
non-conductive base member 5. Although two con- 
ductive thin layers 6 are shown on both surfaces in 
Fig. 2, one conductive thin layer 6 may be formed 
on one surface of non-conductive base member 5. 
Non-conductive soft magnetic layer 2 similar to the 
layer 2 shown in Fig. 1 is provided to overlie the 
conductive thin layer 6. 

In an electromagnetic interference suppressing 
body 100 according to a third embodiment of. this 
invention, a soft magnetic thin metal layer 7 can be 
used in place of the conductive layer 6 in Fig. 2. 
Although soft magnetic thin metal layer 7 is formed 
by evaporation on each of both surfaces of non- 
conductive base member 5, a single soft magnetic 
thin metal layer 7 may be formed on one surface 
thereof. 

In an electromagnetic interference suppressing 
body 100 according to a fourth embodiment of the 
present -invention shown in Fig. 3, conductive sup- 
port element 1 comprises organic binder 4 and 
conductive powder ^dispersed therein. Non-con- 
ductive soft magnetic layer 2 similar to the layer 2 
shown in Fig. 1 overlies at least one surface of 
conductive support body 1 . 

In an electromagnetic interference suppressing 
body 100 according to a fifth embodiment of the 
present invention shown in Fig. 4, conductive sup- 
port element 1 comprises non-conductive base 
member 5 and a conductive layer 9 overlying at 
least one surface of conductive layer 9. Non-con- 
ductive soft magnetic layer similar to the layer 2 
shown in Fig. 1 is formed to overlie at least one 
surface of conductive support body 1 . 

Referring to Fig. 5, an electromagnetic interfer- 
ence suppressing body 100a sixth and seventh 
embodiment of the present invention comprises 
conductive support element 1. non-conductive soft 
magnetic layer 2 overlying at least one surface of 
conductive support body 1, and a dielectric layer 
10 overlying a surface of non-conductive soft mag- 
netic layer 2. Non-conductive soft magnetic layer 2 
comprises soft magnetic powder 3 of particles, 
each of which has a flat shape or a needle-like 
shape, and organic binder 4. Dielectric layer 10 
includes dielectric powder 11 and organic binder 4. 



An electromagnetic interference suppressing 
body 100 shown as a seventh embodiment in Fig. 
6 is similar to the sixth embodiment in Fig. 5. but is 
different in that the dielectric layer -10 is interposed 
5 between conductive support body 1 and non-con- . 
ductive soft magnetic layer 2. 

Referring to Fig. 7,an electromagnetic interfer- 
ence suppressing body 100 shown as an eighth 
embodiment comprises conductive support ele- 
70 ment 1 and non-condcictive soft magnetic layer 2 
overlying at least one surface of conductive sup- 
port body 1. Non-conductive soft magnetic layer 2 
comprises soft magnetic powder 3 of particles, 
each of which has a flat shape or a needle-like 
js shape, dielectric powder 1 1 , and organic binder 4. 

In the embodiments mentioned above, the con- 
ductive support element 1 is selected from a con- 
ductive plate, a conductive mesh plate, and a tex- 
tile of conductive fiber. Further, the conductive 
20 support element 1 may have the soft magnetic 
property and can be selected from a soft magnetic 
metal plate, a soft magnetic metal mesh plate, and 
a textile of a soft magnetic metal fiber. 

Examples used for conductive support body 1 
25 are as follows; a thin metal plate such as a thin 
copper plate, a thin stainless plate, and a thin 
alminum plate, a, so called, punched metal made . 
of such a thin metal plates through which holes are 
punched, a, so called, expanded metal plate made 
30 of those thin metal plates through which slits are 
formed and expanded thereafter, and a metal grid 
or netting by making fiber conductors into a grid or 

net. . 
The conductive support element can have tne 
35 soft magnetic property and is made of such materi- 
als as a permalloy or iron-silicon steel and the like 
into the similar shapes as described above. By use 
of this conductive support element 1, it is expected 
to obtain high suppressing effect against the elec- 
40 tromagnetic interference at relatively law frequency. 
Typical materials of soft magnetic powder 3 
are an iron-alminum-silicon alloy which is referred 
to as "SENDUST" (trademark) having a high per- 
meability at a high frequency range and an iron- 
45 nickel alloy (permalloy). Soft magnetic powder 3 is 
used in a state that it is reduced to fine powder 
and oxidized at its surface. Further, it is desirable 
that an aspect ratio of soft magnetic powder 3 is 
high enough, for example, about more than 5:1. 
so The conductive support element 1 is also 
made of a sheet which is formed by metal powder 
such as silver powder and copper powder, conduc- 
tive carbon black, or conductive titanium ox.de 
mixed with and dispersed in organic binder. 
5 5 Furthermore, it is possible to use conductive 
support element which comprises non-conductive 
base member 5, for example, made of a polyim.de 
base member and a conductive film of, for exam- 
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pie metal, magnetic metal, conductive carbon, or- 
ganic conductive material and others which is 
formed by evaporation on at least one of the sur- 
faces thereof. . 

The conductive support element 1 is aiso 
made of a sheet which is formed by coating a 
polyimide base member 5 with the mixture of the 
metal powder, conductive carbon black, or conduc- 
tive titanium oxide and the organic binder 4, using 
a doctor blade method, a gravure coating method, 
a reverse coating method or the like. 

As organic binder, the following materials are 
recommended; thermoplastic resins such as poly- 
ester resins, polyvinyl chloride resins, polyvinyl 
butyral resin, polyurethane resin, cellulose resins, 
nitrile-butadiene rubbers, styrene-butadiene rub- 
bers and the like, copolymers of those thermoplas- 
tic resins or thermosetting resins such as epoxy 
resin, phenol resin, amia^esjns, imide resins and 

the like. . 

Non-conductive base member 5 is, for exam- 
ple made of a polyimide base member on one 
side or both of which metal, magnetic metal, con- 
ductive carbon, organic conductive body or the like 
is deposited to form a thin layer using such deposi- 
tion method as spattering, vacuum depos.tion, or 
chemical vapor deposition (CVD). 

Further, it is desirable that dielectric layer 10 
which is another element of the present invention 
described as the sixth embodiment or dielectric 
powder 11 used for non-conductive soft magnetic 
layer 2 has a high dielectric coefficient in a high 
frequency range and has a relatively flat frequency 
characteristic curve. For example, barium titanate 
series ceramics, titanium oxide-zirconium oxide se- 
ries ceramics, lead perovskite series ceramics or 
the like is recommended. 

The description will be made as to a test for 
evaluating properties of the electromagnetic inter- 
ference suppressing body 100 according to the 
present invention. 

Referring to Fig. 8, an example of application 
of electromagnetic interference suppressing body 
100 is supposed for the test. In the supposed 
application, two circuit boards 21 and 22 are dis- 
posed in parallel with each other and with a space 
left therebetween, and electromagnetic interference 
suppressing body 100 is disposed in the space 
with predetermined distances from respective cir- 
cuit boards 21 and 22. 

Two circuit boards 21 and 22 are individually 
provided with a plurality of electronic parts such as 
shown at 24, 25 and 26 mounted on mounting 
surfaces of those circuit boards and are disposed 
so that the mounting surfaces face each other. The 
distance between an electronic part 24, 25,or 26 on 
one circuit board and a facing one of electronic 
parts 24-26 on the other circuit board is about 



2mm but less than it. 

Fig. 9 and 10 show different systems for evalu- 
ating properties of the electromagnetic interference 
suppressing body 100 of the present invention in 
s the supposed application, as shown in Fig. 8. Fig. 9 
shows an evaluating system for measuring the 
electromagnetic transparent level [dB] of the elec- 
tromagnetic interference suppressing body 100, 
and Fig. 10 shows another evaluating system for 
io measuring the electromagnetic coupling level [dB] 
by the electromagnetic interference suppressing 
body 100. Each of the systems is provided with an 
electromagnetic wave generator 28 and an elec- 
tromagnetic field measuring instrument (a receiving 
j5 element) 29 which use a small loop antenna for 
radiating electromagnetic field having a loop diam- 
eter of less than 2mm and a small loop antenna for 
receiving electromagnetic field, respectively. A 
spectrum analyser (not shown) is used for measur- 
20 ing the values of the transparent and coupling 
levels. 

The following is a detailed description of sam- 
ples of electromagnetic interference suppressing 
body 100 of the present invention subjected to the 
25 evaluating test. 



[First sample] 

A first sample having a structure of Fig. 1 was 
30 obtained by using a stainless wire netting of 24 
mesh as the conductive support element 1, coating 
both side of the metal netting with a soft magnetic 
paste having a first composition described below 
by a doctor blade method to have a dried and 

35 cured total thickness of 1.2 mm, and performing 
curing for 24 hours at 85 °C. The first sample thus 
obtained was analysed by use of a vibrating mag- 
netometer and a scanning electron microscope, 
and it was confirmed that the directions of mag- 

40 netization easy axis and magnetic particle align- 
ment are in the surface of the sample. 

(First composition) 

4 5 Flat soft magnetic powder 90 weight parts 
Composition ; Fe-AI-Si alloy 
Average particle diameter : I0u.m 
Aspect ratio : >5 
Organic binder 
so Polyurethane resin : 8 weight parts 

Hardening agent (Isocyanate compound) 2 
weight parts 

Solvent (Mixture of cyclohexane and toluene) 40 
weight parts 

55 
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10 



[Second sample] 

A second sample having a structure of Fig. 1 
was obtained in the similar manner to obtain the 
first sample, except that a permalloy (52Ni-Fe) wire 
netting of 24 mesh having soft magnetic property 
was used as a conductive support body 1. instead 
of using a stainless wire netting in the first sample. 

[Third sample] 

A third sample having a structure of Fig. 2 was 
obtained in the similar manner to obtain the first 
sample, except that the conductive support ele- 
ment 1 was used which comprised a polyimide film 
of 75um thickness and alminum layers of 3um 
thickness formed on both surfaces of the film by 
sputtering. 

[Fourth sample] 

A fourth sample having a structure of Fig. 2 
was obtained in the similar manner to obtain the 
first sample, except that the conductive support 
element 1 was used which comprised a polyimide 
film of 75um thickness, and silver films formed by 
coating both surfaces of the polyimide film with a 
silver paste having a second composition de- 
scribed below by a doctor blade method to have a 
dried and cured thickness of 6um. 



(Second composition) 

Silver powder 95 weight parts 

Average particle diameter : 3am 

Organic binder 

Polyvinyl butyral resin : 4 weight parts 
Hardening agent (Isocyanate compound) 1 

weight parts 

Solvent (Ethyl cellosolve) 35 weight parts 
[Fifth sample] 

A stainless wire netting of 24 mesh was used 
as a conductive support element 1. On both side of 
the stainless wire netting, a soft magnetic paste 
having a Third composition described below was 
coated by a doctor blade method so that the coat- 
ing would have a total thickness of 1.0 mm after 
being dried and cured. Then, curing was carried 
out for 24 hours at 85 °C. On the soft magnetic 
layer, a dielectric paste having a Fourth composi- 
tion described below was coated by a doctor blade 
method to have a thickness of 100 um after being 
dried and cured. A fifth sample having a structure 
of Fig. 5 was thus obtained. 

The analysis of the fifth sample by use of the 
vibrating magnetometer and the scanning electron 



microscope revealed that the directions of mag- 
netization easy axis and magnetic particle align- 
ment were in the surface of the sample. 

5 (Third composition) 

Flat soft magnetic powder 90 weight parts 
Composition : Fe-AI-Si alloy 
Average particle diameter: 10um 
70 Organic binder 

Polyurethane resin: 8 weight parts 
Hardening agent (Isocyanate compound) 2 
weight parts 

Solvent (Mixture of cyclohexane and toluene) 40 
75 weight parts 

(Fourth composition) 

Barium titanate powder 90 weight parts 
20 Average particle diameter: 7um 

Organic binder 

Polyurethane resin : 8 weight parts 

Hardening agent (Isocyanate compound) 2 

weight parts 

25 Solvent (Mixture of cyclohexane and toluene) 45 
weight parts 



[Sixth sample] 

A sixth sample having a structure of Fig. 7 was 
obtained by using stainless wire netting of 24 mesh 
as a conductive support element 1. coating both 
side surfaces of the wire netting with a soft mag- 
netic paste having a Fifth composition described 
35 below by a doctor blade method to have a total 
thickness of 1.2 mm after being dried and cured, 
and performing curing for 24 hours at 85 °C. 



30 



(Fifth composition) 



40 



Flat soft magnetic powder 70 weight parts 
Composition : Fe-AI-Si alloy 
Average particle diameter: 10um 
Aspect ratio : >5 
45 Barium titanate powder 20 weight parts 
Average particle diameter : 7um 
Organic binder 

Polyurethane resin 8 weight parts 

Hardening agent (Isocyanate compound) 2 

so weight parts 

Solvent (Mixture of cyclohexane and toluene) 45 

weight parts 

[First comparison sample] 

55 A copper plate having a thickness of 100um 

was used as a first comparison sample. 



7 
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[Seventh sample] 

A seventh sample having a structure of Fig. 1 
was obtained by using a copper plate of 35um 
thickness as a conductive support element 1, coat- 
ing both side surfaces of the copper plate with a 
soft magnetic paste having the First composition 
by a doctor blade method to have a total thickness 
of 1 mm, and performing curing for 24 hours at 85 
°C. The analysis of the seventh sample by use of 
the vibrating magnetometer and the scanning elec- 
tron microscope revealed than the directions of 
magnetization easy axis and the magnetic particle 
alignment were in the surface of the sample. 

[Eighth sample] 

An eighth sample having a structure of Fig. 1 
was obtained in the similar manner to obtain the 
First sample, except that a stainless wire netting of 
120 mesh was used as a conductive support ele- 
ment 1 instead of using the stainless wire netting of 
24 mesh in the first sample. 



[Second comparison sample] 

A second comparison sample was obtained by 
mixing 80 weight parts of iron powder of ball like 
particles with an average particle diameter of 30um 
into 20 parts of nitrite rubber, and kneading and 
forming the mixture into a sheet having a thickness 
of 1.2mm. 

The electromagnetic transparent levels and the 
electromagnetic coupling levels of the first to 
eighth samples and the first to second comparison 
samples were measured by use of the evaluating 
systems shown in Figs. 9 and 10. The measured 
data are shown in Figs. 11, 12, 13 and 14. Fig. 11 
shows frequency characteristics of the electromag- 
netic transparent levels of the first and second 
comparison samples. Here, the standard of the 
transparent level is selected to be the strength of 
electromagnetic field measured at 29 in Fig. 9 
when electromagnetic interference suppressing 
body 100 is not used in Fig. 9. Fig. 12 shows a 
frequency characteristics of the coupling levels of 
the first and second comparison samples. Here, the 
standai-d of the coupling level is selected to be the 
strength of electromagnetic field measured at 29 in 
Fig. 10 when electromagnetic interference sup- 
pressing body 100 is not used in Fig. 10. 

Fig. 13 shows frequency characteristics of the 
electromagnetic transparent levels of the first to 
eighth samples. Here, the standard of the transpar- 
ent level is selected to be the strength of elec- 
tromagnetic field measured at 29 in Fig. 9 when 
the electromagnetic interference suppressing body 
100 is not used in Fig. 9. Fig. 14 shows a fre- 



quency characteristics of the coupling levels of the 
first through eighth samples. Here, the standard of 
the coupling level is selected to be the strength of 
electromagnetic field measured at 29 in Fig. 10 
5 when electromagnetic interference suppressing 
body 100 does not exist in Fig. 10. 

Fig. 15 shows the transparent and the coupling 
levels of first to eighth samples and first to second 
comparison samples at a frequency of 800MHz. As 
T0 is seen from Figs. 11, 1 2, and 15, the conductor (a 
copper plate) of the first comparison sample in- 
creases the coupling level, but lowers the transpar- 
ent level. The second comparison sample does not 
almost attenuate the electromagnetic wave trans- 
75 parent therethrough, although it has a tendency to 
low the coupling level. That is, the second compari- 
son sample is extremely low in the electromagnetic 
interference suppressing property. 

On the contrary, the electromagnetic interfer- 
20 ence suppressing body 100 of the first to eighth 
samples according to the present invention are 
sufficiently low in the transparent level and in the 
coupling level as seen from Figs. 13, 14, and 15. 
Accordingly, it can be seen in Fig. 8 that the two 
25 circuit boards 21 and 23, on which a plurality of 
electronic parts 24, 25 and 26 are mounted, are 
protected from electromagnetic interference from 
each other and in individual boards by the elec- 
tromagnetic interference suppressing body 100 dis- 
30 posed in the space between two circuit boards 21 
and 23. 

It should be noted that the electromagnetic 
interference suppressing body 100 can suppress 
the electromagnetic interference in various high 

35 frequency electronic equipments including mobile 
communication equipments, since it ensures large 
attenuation for the electromagnetic radiation trans- 
parent therethrough without increasing the reflec- 
tion of the undesired radiation. 

40 Further, electromagnetic interference suppress- 

ing body 100 described in the embodiments can 
readily be make to have flexibility as seen from its 
construction so that it may comply with a com- 
plicated shape, anti-vibration or anti-shock require- 

45 ments. 

Fig. 16 shows an electronic equipment accord- 
ing to another embodiment which uses the elec- 
tromagnetic interference suppressing body 100. 
The electronic equipment has an LSI 42 of an 
50 active element mounted on a circuit board 41 and 
a wiring conductor 43 printed on the other side of 
the board 41. The wiring conductor 43 extends 
below LSI 42. The electromagnetic interference 
suppressing body 100 having the same size and 
55 about half thickness as LSI 42 is mounted between 
LSI 42 and circuit board 41 . 

The electromagnetic interference suppressing 
body 100 is fixed to one of LSI 42 and the circuit 
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board 41 before LSI 42 is mounted on the board 
41 Electromagnetic interference suppressing body 
100 effectively suppresses noises generated at wir- 
ing conductor 43 by reducing induction coupling 
between LSI 42 and circuit conductor 43, since the 
electromagnetic interference suppressing body 00 
absorbs magnetic flux of a high frequency elec- 
tromagnetic radiation generated by LSI 42. 

Supposing the electronic equipment in Fig. lb, 
properties of the the electromagnetic interference 
suppressing body 100 were evaluated by use of 
the systems shown in Figs. 9 and 10. 

Samples subjected to the evaluation test are 
ninth through eleventh samples described below. 

[Ninth sample] 

The ninth sample has the same structure as 
shown in Fig. 1 and was obtained by using stain- 
less wire netting of 120 mesh as a conductive 
support element 1. coating both sides of the netting 
with a soft magnetic paste having the first composi- 
tion described above by a doctor blade method to 
have the total thickness of 0.5mm after being dned 
and cured, and performing curing for 24 hours at 
85 °C The ninth sample was analysed by use ot 
the vibrating magnetometer and the scanning elec- 
tron microscope. Thus, it was confirmed that the 
directions of the magnetization easy axis and the 
magnetic particle alignment were in the surface of 
the sample. 

[Tenth sample] 

The tenth sample having a structure of Fig. 2 
was obtained in the similar manner to obtain the 
ninth sample, except that a polyimide film of 75iim 
thickness having 3um thick aluminum layers 
formed on both surfaces thereof by sputtering was 
used as the conductive support element 1 . 



[Eleventh sample] 

The eleventh sample having a structure of Fig. 
2 was obtained in the similar manner to obtain the 
ninth sample, except that the conductive support 
element 1 was a 75urn thick polyimide film, on 
both surfaces of which a silver paste having the 
second composition described above was coated 
by a doctor blade method to have 6um thickness 
after being dried and cured. 

The first and second comparison samples were 

also evaluated. 

The electromagnetic transparent levels and the 
electromagnetic coupling levels of the ninth to elev- 
enth samples and the first to second comparison 
samples were measured by use of the evaluating 
systems shown in Figs. 9 and 10. The measured 



data are shown in Figs. 17-20. Fig. 17 shows 
frequency characteristics of the electromagnetic 
transparent levels of the first and second compari- 
son samples. Here, the standard of the transparent 
s level is selected to be the strength of electromag- . 
netic field measured at 29 in Fig. 9 when elec- 
tromagnetic interference suppressing body 100 is 
not used in Fig. 9. Fig. 18 shows a frequency 
characteristics of the coupling levels of the first and 
,„ second comparison samples. Here, the standard of 
the coupling level is selected to be the strength of 
electromagnetic field measured at 29 in F,g. 10 
when electromagnetic interference suppressing 
body 100 is not used in Fig. 10. 
, 5 Fig 19 shows frequency characteristics of the 
electromagnetic transparent levels of the ninth to 
eleventh samples. Here, the standard of the trans- 
parent level is selected to be the strength of elec- 
tromagnetic field measured at 29 in Fig. 9 when 
20 the electromagnetic interference suppressing body 
100 is not used in Fig. 9. Fig. 20 shows a fre- 
quency characteristics of the coupling levels of the 
ninth through eleventh samples. Here, the standard 
of the coupling level is selected to be the strength 
as of electromagnetic field measured at 29 in Fig. 10 
when electromagnetic interference suppressing 
body 100 does not exist in Fig. 10. 

As is been from Figs. 17 and 18, the conductor 
(a copper plate) of the first comparison sample 
so increases the coupling level to a value of +7dB 
but lowers the transparent level of -50dB. me 
second comparison sample has the transparent 
level of about -1dB and does not almost attenuate 
the electromagnetic wave transparent therethrough, 
36 although it has a tendency to low the coupling level 

of OdB. . 

On the contrary, the ninth to eleventh samples 
of the electromagnetic interference suppressing 
body 100 according to the present invention are 
40 sufficiently low in the transparent level of about 
■39dB and in the coupling level of +1dB, as seen 
from Figs. 19 and 20. 

It should be noted that the electromagnetic 
interference suppressing body 100 can suppress 
45 the electromagnetic interference without affection 
by the reflection of undesired radiation in various 
electronic equipments in which electronic parts are 
mounted on a printed circuit board as shown in Fig. 
16 Further, since the electromagnetic interference 
so suppressing body 100 is produced with a thin type 
plate, electronic equipments can be made smaller 
in size, lighter in weight, and low in cost although it 
has the suppressing properties against the elec- 
tromagnetic interference. 
55 Fig 21 shows an embodiment of a hybrid 
integrated circuit element using electromagnetic in- 
terference suppressing body 100. The hybrid in- 
tegrated circuit element comprises a circuit board 
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51 parts 52 such as an active element, passive 
element or the like mounted on circuit board I 51. 
and connection lead wires 53 for connecting those 
carts 52 to external equipments. An outer surface 
of the hybrid integrated circuit element is covered 
with a dielectric coating layer 54 such as res, n or 
the like, in the hybrid integrated circuit element, the 
outer surface of dielectric coating layer 54 is cov- 
ered with an electromagnetic interference sup- 
pressing body 100 shown in Fig. 3 without contact- 
ing with lead wire 53. The electromagnetic interfer- 
ence suppressing body 100 comprises a conduc- 
tive support element 1 which is coated with a f.rst 
non-conductive soft magnetic layer 2a and a sec- 
ond non-conductive soft magnetic layer 2b on both 
sides thereof, respectively. 

The first dielectric soft magnetic layer 2a, the 
conductive suppoTOrnent 1 and the second non- 
conductive soft magnetic layer 2b are formed by a 
so called, slurry impregnating method in which the 
hybrid integrated circuit element is dipped into a 
soft magnetic slurry and a conducive skirry aUer- 
natingly The soft magnetic slurry and the conduc 
Jive slurry are made by mixing a soft magnefc 
powder 3 and a conductive powder 8 w.th organ.c 
binder to form mixtures and by kneading the mix- 
tures to disperse the powder into the binder, re- 
spectively. Here, as the soft magnetic powder 3 
included in the first and second non-conductive 
soft magnetic layers 2a and 2b, iron-aluminium- 
silicon alloy which is known as "Sendust (trade- 
mark) and iron-nickel alloy (permalloy) can be 
used 'Further, the soft magnetic body powder 3 .s 
used after being ground into fine powder and sur- 
face-oxidized. It is desirable that the aspect ratio of 
these powders is sufficiently large (about more 
than 5:1). Further, as the conductive powder 8 
included in the conductive support element 1, met- 
al fine powder such as copper powder and silver 
powder, conductive carbon black powder or con- 
ductive titanium oxide powder can be used. 

Furthermore, the thickness of the non-conduc- 
tive soft magnetic layers 2a and 2b and the con- 
ductive support element 1 and constituent materi- 
als are determined to realize an optimum elec- 
tromagnetic condition taking circuit conditions of 
the hybrid integrated circuit element, an arrange- 
ment of electronic parts to be mounted and the 
intensity of the undesired electromagnets field and 
the like into consideration. 

Supposing the hybrid integrated circuit element 
in Fiq 21, properties of the electromagnetic inter- 
ference suppressing body 100 were evaluated by 
use of the systems shown in Figs. 9 and 10. The 
following twelfth sample and third comparison sam- 
ple were subjected to the evaluating test. 



[Twelfth sample] 

The first and the second non-conductive soft 
magnetic layers 2a and 2b having a sixth compos,- 
5 tion as described below were formed on both s.de 
surfaces of the conductive support element 1 hay- 
ing a seventh composition described below by the 
slurry dipping method to produce the twelfth sma- 
ple having a structure of Fig. 3. 

(Sixth composition) 

Flat soft magnetic powder 90 weight parts 
Composition : Fe-AI-Si alloy 
, 5 Average particle diameter: 10lim 
Aspect ratio : >5 
Organic binder 

Polyurethane resin: 8 weight parts 
Hardening agent (Isocyanate compound) 2 

20 SolvenUMixture of cyclohexane and toluene) 40 

weight parts 

Ethyl cellosolve 45 weight parts 



25 (Seventh composition) 



Silver powder 95 weight parts 

Average particle diameter: 3um 

Organic binder 
30 polyvinyl butyrai resin 4 weight parts 

Hardening agent (Iscoyanate compound) 1 
weight parts 

Solvent (Ethyl cellosolve) 75 weight parts 



35 [Third comparison sample] 



A third comparison sample was obtained with 
100nm thickness by coating both sides of a 
polyimide film of 75um thickness with silver paste 
40 having the seventh composition, using the slurry 
dipping method and by drying and hardening the 

PaSt p igs 22 and 23 show the results of the elec- 
tromagnetic transparent level and the electromag- 
45 netic coupling level as measured. 

It is clear from Figs. 22 and 23 that the third 
comparison sample is sufficient low in the transpar- 
ent level, but is high in the coupling level. In twelfth 
sample, on the contrary, the transparent level is 
so sufficiently low and the coupling level is not in- 
creased but low. This means that the hybnd in- 
tegrated circuit element according to the embodi- 
ment has a sufficient shielding effect against elec- 
tromagnetic waves as the conventional element 
55 coated with the silver paste and does not have any 
reflection of electromagnetic waves which has been 
seen in the conventional element. 
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Now description will be made as to a test for 
evaluating the electromagnetic suppressing prop- 
erties of the hybrid integrated circuit element in an 
actual use. For the test, an outer surface of the 
hybrid integrated circuit element sealed by resin 
was coated with a first non-conductive soft mag- 
netic layer 2a, a conductive support body 1 and a 
second non-conductive soft magnetic layer 2b 
laminated one on another in this order using the 
slurry dipping method. After these layers were 
cured or hardened, the thickness of these three 
layers were measured to be 0.7 mm. These first 
and second non-conductive soft magnetic layers 2a 
and 2b were analyzed with the vibrating mag- 
netometer and the scanning electron microscope^ 
Both directions of the magnetization easy axis and 
the magnetic particle alignment are in the surface 

of the sample . 

Furthermore, the hybrid i ntegrated circuit ete- 
ment was mounted on the mother boaig^ana m 
operation of electric c ircuit was observed. No ad- 
verse effect was confirmed. 

As described above, the hybrid integrated cir- 
cuit element coated with the dielectric soft mag- 
netic layers and the conductive support element is 
neither affected by any undesired radiation nor 
enhance the electromagnetic coupling by reflection 
when the element is mounted on the mother board. 

According to the present invention in which the 
outer surface of the hybrid integrated circuit ele- 
ment sealed by resin is provided with first non- 
conductive soft magnetic layer, a hybrid integrated 
circuit -element is obtained having a sufficient 
shielding affect against radiant electromagnetic 
waves from the mother board or other parts moun- 
ted on the mother board without enhancing the 
electromagnetic coupling between the inner parts 
or between the parts mounted on the mother board 
and without impeding its own operation. In particu- 
lar it is considerably advantageous to combine 
non-conductive soft magnetic layers 2a, 2b and 
conductive support element 1 . 

Although the present invention is described 
with reference to several embodiments, it is need- 
less to say that the present invention is not limited 
to the above embodiments and various variations 
are possible without departing from the spirit of the 
invention. 

Claims 

1 An electromagnetic interference suppressing 
body for suppressing electromagnetic interfer- 
ence by undesirable electromagnetic waves 
comprising a conductive support element and 
a non-conductive soft magnetic layer overlying 
at least one of surfaces of said conductive 
support element. 



2 An electromagnetic interference suppressing 
body claimed in Claim 1. which further com- 
prises a dielectric layer overlying said non- 
conductive- soft magnetic layer. 

5 3 An electromagnetic interference suppressing 
body claimed in Claim 1, which further com- 
prises a dielectric layer interposed between 
said conductive support element and said non- 
jo conductive soft magnetic layer. 

4 An electronic equipment comprising a circuit 
board having an active element thereon, said 
active element generating an inductive noise, 
,s wherein an electromagnetic interference sup- 
pressing body is interposed between said cir- 
cuit board and said active element, said elec- 
tromagnetic interference suppressing body 
comprising a conductive support element and 
20 a non-conductive soft magnetic layer overlying 

at least one of surfaces of said conductive 
support element. 

5 An electronic equipment claimed in one of 
25 ' Claims 1 to 4, wherein said electromagnetic 
interference suppressing body further com- 
prises a dielectric layer overlying said non- 
conductive soft magnetic layer. 

30 6. An electronic equipment claimed in one of 
Claims 1 to 5, wherein said electromagnetic 
interference suppressing body further com- 
prises a dielectric layer interposed between 
said conductive support element and non-con- 
35 ductive soft magnetic layer. 

7 An electronic equipment claimed in one of 
Claims 1 to 6, wherein said non-conductive 
soft magnetic layer comprises soft magnetic 
40 powder, dielectric powder, and organic binder. 



8 An electronic equipment claimed in one of 
Claims 1 to 7, wherein said non-conductive 
soft magnetic layer comprises soft magnetic 

4 5 powder and organic binder. 

9 An electronic equipment claimed in one of 
Claims 1 to 8, wherein said dielectric layer 
comprises dielectric powder and organic bind- 



so 



er. 



10. An electronic equipment claimed in one of 
Claims 1 to 9, wherein said soft magnetic 
powder is flat and/or needle-like powder dis- 
55 persed in said organic binder. 

11 An electronic equipment claimed in one of 
Claims 1 to 10, wherein said conductive sup- 
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port element is one selected from a conductive 
plate, a wire netting conductive plate, and a 
textile made of conductive fiber. 

12. An electronic equipment claimed in one of 
Claims 1 to 11, wherein said conductive sup- 
port element comprises a non-conductive base 
member and a conductive layer overlying at 
least one of surfaces of said non-conductive 
base member. 

13. An electronic equipment claimed in one of 
Claims 1 to 12, wherein said conductive sup- 
port element comprises a non-conductive base 
member and a soft magnetic metal thin layer 
overlying at least one of surfaces of said non- 
conductive base member. 

14. An electronic equipment claimed in one of 
Claims 1 to 13, wherein said non-conductive 
base member is made up by one of said non- 
conductive soft magnetic layers in one of the 
proceeding Claims and said dielectric layer in 
of one of the proceeding Claims. 

15. An electronic equipment claimed in one of 
Claims 1 to 14, wherein said conductive sup- 
port element comprises conductive fine pow- 
der and organic binder. 

16. An electronic equipment claimed in one of 
Claims 1 to 15, wherein said conductive sup- 
port element comprises a non-conductive base 
member and a conductive layer overlying at 
least one of surfaces of said non-conductive 
base member, said conductive layer compris- 
ing conductive fine powder and organic binder. 

17. An electronic equipment claimed in one of 
Claims 1 to 16, wherein said conductive sup- 
port element is a conductive soft magnetic 
support element having soft magnetic property. 

18. An electronic equipment claimed in one of 
Claims 1 to 17, wherein said conductive soft 
magnetic support element is one selected from 
a soft magnetic metal plate, a wire netting 
metal plate, and a textile made of soft mag- 
netic metal fiber. 

19. A hybrid integrated circuit element having a 
circuit board, an active element and a passive 
element mounted on the circuit board, which is 
characterized in that said active element, said 
passive element, and said circuit board are 
covered together with and sealed by an in- 
sulating layer, a non-conductive soft magnetic 
layer comprising soft magnetic powder and 



organic binder, and overlying an outer surface 
of said insulating layer. 

20. A hybrid integrated circuit element claimed in 
Claim 19. wherein said non-conductive soft 
magnetic layer comprises a first and a second 
non-conductive soft magnetic layer portions 
and a conductive layer interposed there- 
between, said conductive layer comprising 
conductive powder and organic binder. 

21. A hybrid integrated circuit element claimed in 
Claim 19 or 20, wherein said soft magnetic 
powder comprises soft magnetic particles each 
having a flat or needle-like shape, said powder 
being dispersed in said organic binder. 

22. A method for manufacturing a hybrid integrat- 
ed circuit element having a circuit board, an 
active element and a passive element mounted 
on the circuit board, a non-conductive layer for 
sealing said active and a passive elements, a 
non-conductive soft magnetic layer formed on 
a outer surface of said non-conductive layer, 
characterizing in that said non-conductive soft 
magnetic layer is formed by dipping said ac- 
tive and a passive elements mounted on said 
circuit board and sealed by said non-conduc- 
tive layer into soft magnetic slurry. 

23. A method for manufacturing a hybrid integrat- 
ed circuit element having an active element 
and a passive element mounted on a circuit 
board, a non-conductive layer for sealing said 
active and a passive elements, a non-conduc- 
tive soft magnetic layer and a conductive layer 
formed on an outer surface of said non-con- 
ductive layer, characterizing in that saic non- 
conductive soft magnetic layer and said con- 
ductive layer are formed by dipping said active 
and a passive elements mounted on said cir- 
cuit board and sealed by said non-conductive 
layer into soft magnetic slurry and conductive 
slurry, respectively. 
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